Background Chronic pancreatitis (CP) is a chronic, debilitating disorder associated with multiple complications, frequently necessitating hospitalization. The aim of this study was to investigate the longitudinal trends for hospitalization, mean length of stay (LOS), and cost associated with inpatient admissions for CP across the United States.
Introduction
Chronic pancreatitis (CP) is a chronic, progressive disease characterized by irreversible inflammatory scarring and fibrosis of the pancreas with resultant loss of exocrine and endocrine function [1] . Amongst numerous causative factors, alcohol remains the leading cause of CP in the United States and the rest of the developed world [2] . Based on data from Olmsted County, the incidence and prevalence ratios in the United States are estimated at 4.05 and 41.76 cases per 100,000 persons, respectively, with a higher incidence reported in men [3] . The most common clinical manifestation is abdominal pain, which can lead to recurrent hospital admission and possible interventions. In fact, more than 90% of patients with CP are hospitalized at least once in their lifetime for pain [4] . CP can also lead to numerous complications, including pancreatic insufficiency, local pancreatic and extra-pancreatic complications or malignancy, which may also require inpatient care and intervention [5] .
The negative impact of CP on patients is well documented, with a significant reduction in health-related quality of life [6] . Furthermore, the effects on workplace participation are substantial, with only 37% reporting current employment in a multicenter survey [7] . However, data on hospitalization rates and associated costs in the United States are scarce. Previous data suggest that CP accounts for 11 and 8.1 per 100,000 population annual Emergency Department visits and hospital admissions, respectively, in the United States [8, 9] . Furthermore, although it is an infrequent cause of hospitalization in comparison to other gastrointestinal disorders, the direct costs of inpatient hospitalization for CP are exorbitant, with an aggregate annual cost of $150 million [9] . The aim of this current study was to assess changes in rate and temporal trends in the cost of inpatient admissions for a primary diagnosis of CP in the United States from 1997-2014.
Materials and methods

Study design and date source
We conducted a cross-sectional analysis of data from 1997-2014 using the National Inpatient Sample (NIS). This data set provides hospital administrative data through the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and Quality. The NIS data were subject to a data use agreement. The NIS database is the largest publicly available all-payer inpatient care database in the United States and contains data from approximately 8 million hospital stays every year. The 1997 NIS database contains a total of approximately 7.1 million records drawn from 22 states. The 2014 NIS database contains a total of about 8 million records drawn from 45 states and includes information from 1051 hospitals. The NIS sampling frame covers >95% of the United States population and 94% of all community hospital discharges. This study was exempt from Institutional Board Review.
Identification of CP hospitalizations
We identified all hospitalized patients aged ≥1 year discharged with CP (ICD-9-CM discharge code 577.1) as primary diagnosis.
Variables recorded
The patient demographics analyzed included age and sex. Hospital characteristics included location (Northeast, Midwest, South, and West, and metropolitan vs. non-metropolitan), type (teaching vs. non-teaching), and bed size (small, medium, and large). According to the HCUPnet definition, an area is considered to be metropolitan if the population is at least 50,000 people, whereas an area with a population of less than 50,000 is considered non-metropolitan. A hospital is considered to be a teaching hospital if the American Hospital Association Annual Survey indicates that it has an American Medical Associationapproved residency program, is a member of the Council of Teaching Hospitals, or has a ratio of full-time equivalent interns and/or residents to beds of >0.25. Hospital bed size varies depending on the hospital's location and teaching status. Small hospitals range from 1-50 beds, medium hospitals range from 50-199 beds, and large hospitals have more than 200 beds. The payer status for all admissions was also considered and divided into categories of Medicare, Medicaid, private insurance, uninsured, and other. "Hospital Charges" are defined as the amount the hospital charged for the patient's entire hospital stay, but they do not include professional (physician) fees. As per NIS, "aggregate charges" or the "national bill" are defined as the sum of all charges for all hospital stays in the United States and "length of stay" as the number of nights the patient remained in the hospital per stay.
Statistical analysis
Descriptive summaries were frequencies and percentages for categorical variables and means and standard errors for numeric variables. Rates of CP per 10,000 admissions were calculated by dividing the total number of patients with CP as primary discharge diagnosis by the total number of all discharges listed for each year. The Pearson chi-square test was used to compare proportions between 1997 and 2014. Relative risk ratios (RR), along with their 95% confidence intervals (CI) comparing 1997-2014 were estimated. Trends across different demographic groups were analyzed using the CochranArmitage trend test. Regression analysis (simple linear regression model) was used to assess trends over the years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) for the number of discharges for CP, LOS, and charges. Annual charges reported are the raw charges adjusted for the long-term average healthcare annual inflation rate (Bureau of Labor Statistics: http://data.bls.gov/) of 2.39%, so that all dollar values relate to 2014 dollars. If the trend appeared to be non-linear, the natural logarithmic transformation was applied to the variable to linearize the relationship between the variable and time. Yearly changes were estimated using the resulting regression equation. All analyses were done using SAS® for Windows Version 9.4.
Results
Number and cost of CP discharges
The total number of hospital discharges with a primary diagnosis of CP decreased by 41.5%, from 21,815 in 1997 to 12,770 in 2014 (P<0.001) (Fig. 1) . The risk of hospital discharge for CP in 2014 was half of the risk of hospital discharge for CP in 1997 (relative risk [RR] 0.55, 95%CI 0.54-0.56; P<0.0001). The rate of hospital discharges for CP as a primary diagnosis decreased from 6.5/10,000 discharges to 3.6/10,000 discharges. In a given year, the number of inpatient CP diagnoses decreased, on average, by 3.3% (95%CI 2.2-4.6; P<0.0001) of the number of diagnoses made in the previous year.
The average LOS decreased by 21.2% from 6.2 days in 1997 to 4.9 days in 2014 (P<0.0001) (Fig. 2 ). There was a significant decreasing trend for the average LOS. In a given year, the average LOS was estimated to be decreased, on average, by 1.4% (95%CI 1.2-1.6, P<0.0001) of the average LOS in the previous year.
Despite the decrease in the average LOS, the mean total charges for CP-related hospital admissions increased substantially between 1997 and 2014. Mean hospital charges per patient increased by 308.5%, from $12,725 (adjusted for inflation) in 1997 to $39,260 in 2014 (P<0.001) (Fig. 3) . The average cost of hospitalization (adjusted for inflation) where CP was the primary diagnosis increased every year by 4.9% (95%CI 4.5-5.4; P<0.0001), and the average aggregate charges (adjusted) increased every year by 1.7% (95%CI 0.3-3.1; P=0.022) (Fig. 4) .
CP discharges by patient characteristics
In both years 1997 and 2014, the rate of discharges for CP was higher for the 45-64 years of age group (both P<0.0001, Table 1 
CP discharges by hospital characteristics
In 1997, the distribution of discharge rates for CP was different across various regions, with the highest rate in the West (6.85/10,000 discharges), followed by the Midwest (6.40/10,000 discharges), Northeast (6.45/10,000 discharges), and South (6.57/10,000 discharges, P<0.0001). A difference across regions was also found in 2014, but the highest rate of discharges for CP was found in the Midwest region (4.05/10,000 discharges), followed by the South (3.92/10,000 discharges), West (3.08/10,000 discharges) and Northeast (2.98/10,000 discharges, P<0.0001 While in 1997 patients with CP were more likely to be diagnosed in a hospital with a small bed size (7.31/10,000 discharges, P<0.0001), in 2014 they were more likely to be diagnosed in a hospital with a large bed size (3.75/10,000 discharges, P<0.0001). 
Discussion
Pain is the primary symptom of CP. It is also the most common underlying reason for hospital admission in patients with CP [10] . Analgesic use should follow the guidelines set by the World Health Organization, since opioid analgesic dependence due to injudicious use can lead to a significant impact on the quality of life of patients and result in recurrent hospitalizations [11] . As the healthcare costs continue to rise, it is important to evaluate the burden of CP on our healthcare system. We utilized the NIS database, as its immense size produces an exceptional representative sample of the general US population.
Our results show that 18-44-year-old individuals comprised the majority of patients admitted with CP in 1997 (44%), whereas the 45-64-year-old age group represented the majority in 2014 (50%). This change may be attributed to the pathophysiology of CP as a progressive illness. It is likely that the same patients are now getting older and are joining the new age bracket.
However, between 1997 and 2014, the total number of hospital discharges with a primary diagnosis of CP decreased by 41.5%. This decrease was observed in all age groups except for the 1-17-year-old individuals, where we observed an increase from 1.76 to 2.67 cases of CP per 10,000 admissions. We believe that the overall number of patients in this group is too small to generalize results for this age group. However, one possible explanation for this finding could be that pediatric gastroenterologists have become more aware of the diagnosis of CP in the pediatric population. Likewise, early patient transfer to larger tertiary medical centers where genetic testing (e.g., mutations in PRSS1, SPINK1) is readily available, may lead to an increase in the rate of diagnosis and hospitalization for CP [12] .
We also observed a decline in the average LOS for patients in hospital from 6.2 days in 1997 to 4.9 days in 2014. This decrease is likely to be attributable to an improvement in pain control over time and an increased trend towards outpatient management. An increase of 4.9% was noted in average charges every year, and the average aggregateadjusted hospital charges increased by 1.7% every year. This is substantial, since the management of CP imposed an overall estimated cost of $150 million in 2012 in the United States [9] . This increase is likely to have been driven by the increased availability of endoscopic procedures (such as endoscopic ultrasonography) used in the diagnosis and management of CP, such as those used for pseudocyst drainage and celiac plexus neurolysis. Likewise, judicious use of expensive radiological studies, such as computed tomography and magnetic resonance cholangiopancreatography, could potentially add to the higher cost. Bliss et al showed that 10.8% of all patients who required hospitalization for CP between 2007 and 2013 underwent a CP-related surgical procedure. The total inpatient costs for patients requiring surgery was more than twice higher than for those who did not undergo surgery [13] .
The patients' mean age showed no significant change between 1997 and 2014. Although the absolute number of CP discharges did not differ between males and females, men had a relatively higher number of discharges related to CP per 100,000 compared to women, since women were more likely to be hospitalized overall. Although the absolute number of hospital discharges related to CP for both men and women decreased from 1997-2014, there continues to be a relative disparity between the sexes. This is in part due to the fact that men have a higher incidence of CP than women, with some studies stating that it could be at least twice as high [14] .
Medicare and Medicaid remained the payers for the majority of patients admitted to the hospital over the time period studied. In the uninsured population, 13.09 of every 10,000 admissions were attributed to CP in 1997; however, the number reduced to 6.93 per 10,000 in 2014. Among all the insurance categories, this was highest relative number of admissions. This comes as no surprise, since the healthcare cost and utilization project from 2012 showed that pancreatic disorders were the ninth leading cause of hospital admissions among uninsured patients [15] . This is probably because patients in this category have difficulty completing adequate outpatient follow up.
A decline in the number of discharges was observed in all regions of the United States over time from 1997-2014. Although the Western region accounted for the highest number of discharges with CP per 10,000 (6.85) in 1997, the Midwest had the slowest decline and was found to be the leading region with discharges attributed to CP (4.05 compared to 3.05 in the Western region). This could be related to an higher prevalence of smoking and alcohol consumption in the Midwest compared to other regions of the United States [16, 17] . However, in terms of absolute numbers, the South continued to have the greatest number of total patients admitted and discharged with CP (37% in 1997 and 42% in 2014).
Although we do not have data for total discharges in the teaching hospital setting in 1997, the absolute number of discharges related to CP increased from 56% to 68% from 1997 to 2014. This proportion was similar to that observed in small and medium/large sized hospitals. This could be explained on the basis of an increased number of referrals to larger centers that have the capability to manage the complex needs of patients with CP, with procedures such as celiac plexus block.
As with all studies reflecting the burden of illnesses, our data had some limitations. As this is an administrative data set, it is reflective of the coding practices of each healthcare institution. It is likely that these results significantly underestimate the actual incidence of CP discharges, as patients' discharges may have been coded with an alternative diagnosis, such as acute pancreatitis. In addition, this data set does not control for errors during data entry. The NIS found that modifications in their hospital sampling strategy in 2012 may have decreased total hospitalization by 0.7% secondary to the exclusion of long-term acute-care hospitals. The degree to which these modifications affected the CP hospitalization counts for 2012-2014 is unknown. Likewise, we acknowledge that the NIS data set does not provide sufficient patient and hospital details to determine other factors that could explain the increased cost of admission.
In summary, our study is the first attempt to assess changes in frequency and temporal trends in the cost of inpatient admissions for a primary diagnosis of CP in the United States. Further studies would be needed in order to explain the increase in healthcare cost for patients with CP, despite the decline seen in the number of discharges and LOS.
Summary Box
What is already known:
• Chronic pancreatitis (CP) is a chronic, debilitating disorder associated with multiple complications, frequently necessitating hospitalization • Data on CP-related hospitalization rates and associated costs in the United States are scarce
What the new findings are:
• Between 1997 and 2014, the number of hospitalizations for patients with a primary discharge diagnosis of CP decreased by 41.5% • While the overall length of hospital stay decreased over that period, the cost associated with these hospitalizations has almost tripled
